Background. Triple-negative breast cancer (TNBC) is an aggressive subtype shown to have a high risk of locoregional recurrence (LRR). The purpose of this study was to determine the impact of operation type on LRR in TNBC patients. Methods. A total of 1325 patients with TNBC who underwent breast-conserving therapy (BCT) or mastectomy from 1980 to the present were identified. Clinical and pathological factors were compared by the chi-square test. LRR-free survival (LRRFS), distant metastasis-free survival, and overall survival were estimated by the KaplanMeier method. Multivariate analysis was performed by the Cox proportional hazard models. Results. BCT was performed in 651 patients (49%) and mastectomy in 674 (51%). The mastectomy group had larger tumors, a higher incidence of lymphovascular invasion, and higher pathologic N stage (all P \ 0.001). At 62-month median follow-up, LRR was seen in 170 (26%) in the BCT group and 203 (30%) in the mastectomy group. Five-year LRRFS rates were higher in the BCT group (76% vs. 71%, P = 0.032), as was distant metastasis-free survival (68% vs. 54%, P \ 0.0001) and overall survival (74% vs. 63%, P \ 0.0001). On multivariate analysis, T stage (hazard ratio [HR] 1.37, P = 0.006), high nuclear grade (HR 1.92, P = 0.002), lymphovascular invasion (HR 1.93, P \ 0.0001), close/positive margins (HR 1.89, P \ 0.0001), and use of non-anthracycline or taxane-based adjuvant chemotherapy (HR 2.01, P \ 0.0001) increased the LRR risk, while age [50 years was protective (HR 0.73, P = 0.007). Operation type (mastectomy vs. BCT, HR 1.07, P = 0.55) was not statistically significant. Conclusions. BCT is not associated with increased LRR rates compared to mastectomy. TNBC should not be considered a contraindication for breast conservation.
Results. BCT was performed in 651 patients (49%) and mastectomy in 674 (51%). The mastectomy group had larger tumors, a higher incidence of lymphovascular invasion, and higher pathologic N stage (all P \ 0.001). At 62-month median follow-up, LRR was seen in 170 (26%) in the BCT group and 203 (30%) in the mastectomy group. Five-year LRRFS rates were higher in the BCT group (76% vs. 71%, P = 0.032), as was distant metastasis-free survival (68% vs. 54%, P \ 0.0001) and overall survival (74% vs. 63%, P \ 0.0001). On multivariate analysis, T stage (hazard ratio [HR] 1.37, P = 0.006), high nuclear grade (HR 1.92, P = 0.002), lymphovascular invasion (HR 1.93, P \ 0.0001), close/positive margins (HR 1.89, P \ 0.0001), and use of non-anthracycline or taxane-based adjuvant chemotherapy (HR 2.01, P \ 0.0001) increased the LRR risk, while age [50 years was protective (HR 0.73, P = 0.007). Operation type (mastectomy vs. BCT, HR 1.07, P = 0.55) was not statistically significant. Conclusions. BCT is not associated with increased LRR rates compared to mastectomy. TNBC should not be considered a contraindication for breast conservation.
Molecular profiling has expanded our knowledge regarding the heterogeneity of breast cancer and has identified several distinct breast cancer subgroups: those that overexpress luminal A, luminal B, and HER2; and basal-like disease. 1, 2 Clinically, however, breast cancers are more frequently grouped according to the expression of three commonly tested markers: estrogen receptor (ER), progesterone receptor (PR); and human epidermal growth factor receptor 2 (HER2). Triple-negative breast cancers (TNBC) are breast tumors that lack the expression of these common tumor markers; they make up approximately 15% of breast cancers. 3, 4 When combined with expression profiling data, TNBC most frequently represent basal-like tumors, but they can also characterize claudin-low tumors, which express low levels of tight and adherens junction proteins and frequently have an epithelial-mesenchymal transition-like signature. 5 Although targeted therapies have been developed for tumors that express ER, PR, or HER2, treatment for tumors that lack these markers remains challenging. Compounding this is the observation that TNBC demonstrate more aggressive clinical features than other subtypes. These tumors are frequently found to have a higher tumor grade, higher proliferation with increased Ki-67 staining, higher expression of basal cytokeratins and p53, and a higher association with BRCA1 mutations. 4, [6] [7] [8] [9] After treatment, rates of locoregional recurrence (LRR), distant metastasis, and overall survival (OS) are negatively affected by the triple-negative phenotype. [10] [11] [12] [13] [14] [15] Given the aggressive nature of these tumors, it is reasonable to question whether a more aggressive surgical approach is warranted to improve patient outcomes. Reports are conflicting with some suggesting that breastconserving therapy (BCT) confers an increased risk of LRR, while other reports suggest that the risk of LRR is not greatly increased by this therapy. 10, 11, 16, 17 The purpose of this study was to evaluate the impact of operation type (BCT vs. mastectomy) on LRR in TNBC. We hypothesized that, in appropriately selected patients, BCT would not be associated with an increase in LRR.
METHODS

Patient Selection
The Breast Cancer Management System database at the University of Texas M. D. Anderson Cancer Center is a retrospectively initiated, prospectively maintained database of patients evaluated and treated for breast cancer. We used this database to identify all patients with ER-negative, PRnegative, HER2-negative primary breast cancers diagnosed at M. D. Anderson between December 1980 and December 2007 who underwent primary surgery with either BCT or mastectomy and received adjuvant chemotherapy. Patients receiving neoadjuvant chemotherapy were excluded from analysis as were patients with incomplete information regarding tumor size or receptor status. A total of 1329 patients were identified; 4 patients who had less than 6 months follow-up time were excluded from analysis. Patients were categorized according to the type of surgical intervention received (BCT or mastectomy) for further analysis.
At our institution, neoadjuvant chemotherapy is generally offered to patients whose primary tumor at initial presentation is large enough to preclude breast conservation, but has the potential to be downsized by neoadjuvant therapy and the woman desires breast conservation over mastectomy. In addition, patients with clinically positive nodes and tumor size [2 cm are offered neoadjuvant chemotherapy as an option.
Decisions regarding adjuvant chemotherapy are also made on an individualized basis and determined by the patient's nodal status and tumor size. Patient age and comorbidities are also considered. Generally, patients with favorable features (subcentimeter tumors with no nodal involvement) did not receive adjuvant chemotherapy. In most cases, patients receiving anthracycline-based chemotherapy regimens were treated with FAC (5-fluorouracil, doxorubicin, and cyclophosphamide) or FEC (5-fluorouracil, epirubicin, and cyclophosphamide). Patients receiving taxane-based chemotherapy regimens were treated with paclitaxel or docetaxel as single-agents, or more commonly as combinational therapy with FAC or FEC. Patients who were treated with neither anthracyclines nor taxanes most frequently received CMF (cyclophosphamide, methotrexate, and 5-fluorouracil).
Patients presenting with locally advanced disease or with axillary node involvement were evaluated with a metastatic examination, including bone scan, chest X-ray, and abdominal computed tomographic scan. During follow-up, patients underwent a metastatic examination as indicated by symptoms, or at the diagnosis of LRR.
Pathologic Analysis
Primary tumors were staged according to the American Joint Committee on Cancer criteria. Immunohistochemical (IHC) analysis of ER and PR status as well as evaluation of HER2 status by IHC or fluorescence in situ hybridization were performed as previously reported. 18 Patients with B10% ER/PR staining on IHC were considered to be ER/ PR negative. Surgical margins \2-mm were considered close, tumor at margins (tumor on ink) was considered positive. Patients with margins of \2 mm underwent reexcision to achieve widely negative result when cosmetically feasible.
Statistical Analysis
Patients were categorized according to the type of surgical intervention received. Patient characteristics including age, race, menopausal status, tumor size, nodal status, pathologic stage, nuclear grade, presence of lymphovascular invasion (LVI), resection margins, type of recurrence (locoregional or distant), adjuvant radiation, date of surgery (1980-2000 vs. 2001-2007) , and adjuvant chemotherapy type were assessed in both groups and compared by Chi-square test, or t-test as appropriate.
Locoregional recurrence-free survival (LRRFS), distant metastasis-free survival (DMFS), and OS were measured from the date of definitive surgery to the date of the first documented LRR, distant metastasis, or death, respectively; patients not experiencing the relevant end point were censored at last follow-up. As a result of heterogeneity between groups, 5-year LRRFS, DMFS, and OS were calculated by stage of disease by the Kaplan-Meier product limit method by groups; groups were compared with the log-rank statistic. Five-year LRRFS rates were separately estimated within BCT and mastectomy groups. Cox proportional hazard models were fit to determine the association of the operative treatment with survival outcomes after adjustment for other patient and disease characteristics. Factors that had significant univariate associations with survival outcomes were included in the models. Final models included operative treatment, age, tumor size, nodal status, grade, LVI, resection margins, and adjuvant chemotherapy type. Test for proportional hazard assumption were carried out by using product terms between operative treatment and time in Cox regression models, and assumptions were met. Results are expressed as hazard ratio (HR) and 95% confidence interval (CI). P-values of \0.05 were considered statistically significant; all tests were two-sided. Statistical analyses were carried out by SAS software, version 9.1 (SAS Institute, Cary, NC) and S-Plus 7.0 (Insightful, Seattle, WA).
RESULTS
A total of 1325 patients with TNBC who underwent primary surgery were identified. Patient and clinical characteristics are described in Table 1 . Overall, the mean age at diagnosis was 48 years. Overall mean tumor size was 2.5 cm with a median of 2.1 cm. The majority (89%) of patients had high nuclear grade (grade III) tumors, and 93% had negative resection margins.
A total of 651 (49%) underwent BCT while 674 (51%) underwent mastectomy. Age at diagnosis, menopausal status, tumor grade, resection margins, and type of adjuvant chemotherapy received were not statistically significantly different between the two groups. Compared to the BCT group, the mastectomy group had a significantly greater mean tumor size (2.9 cm vs. 2.1 cm; P \ 0.0001), higher T-stage (T3/4 = 11% vs. 2%; P \ 0.0001), higher N-stage tumors (N1-3 = 57% vs. 39%; P \ 0.0001), more stage III disease (14% vs. 3%; P \ 0.0001), higher proportion of LVI (40% vs. 25%; P \ 0.0001). Ninety-seven percent of the patients in the BCT group received adjuvant radiation compared to 33% of patients in the mastectomy group (P \ 0.0001). Of the 20 patients (3%) in the BCT group who did not receive adjuvant radiation, 5 patients refused adjuvant radiation, 2 patients had unknown reasons, 1 had received previous radiation for Hodgkin's lymphoma, and 13 developed a LRR or distant metastasis before beginning planned adjuvant radiation.
Overall 28% of patients had LRR, 43% had distant metastasis, and 45% had both LRR and distant metastasis. Compared to patients in the BCT group, patients in the mastectomy group had a comparable LRR (30% vs. 26%, P = 0.10) but a higher rate of distant recurrence (51% vs. 35%, P \ 0.0001).
Locoregional Recurrence
The median follow-up among all patients was 62 months (range 1-285 months). A total of 373 women had LRR, 26% (n = 170) of patients undergoing BCT, and 30% (n = 203) undergoing mastectomy ( Table 2) . Among patients which developed LRR, the median time to LRR was 2.0 years in the BCT group and 1.7 years in the mastectomy group. Kaplan-Meier analysis of LRRFS stratified by stage is shown in Fig. 1a .
Univariate log-rank testing demonstrated that older age, small tumor size, negative nodal status, lower grade, negative/unknown LVI, and negative margins were associated with better LRRFS (all P B 0.001) ( Table 2 ). Multivariate Cox proportional hazard modeling (Table 3) indicates that operative treatment was not an independent predictor of LRRFS (HR 1.07; 95% CI 0.86 to 1.34; P = 0.55). Other factors remained significant after adjustment except for nodal status (P = 0.11). Patients receiving adjuvant chemotherapy omitting both anthracyclines and taxanes demonstrated a worse LRRFS compared to anthracycline or taxane-based chemotherapy regimens (P \ 0.0001).
Among BCT patients, similarly significant univariate association existed between LRRFS and factors examined among all patients although those by tumor size (P = 0.005) and grade (P = 0.029) became weaker. Consequently, after multivariate adjustment, tumor size (P = 0.07) and grade (P = 0.05) were not significant. Among mastectomy patients, age and nodal status were not predictive of LRRFS from either univariate or multivariate analyses. When adjuvant radiation was included in multivariate analysis of the mastectomy group, radiation treatment was not found to significantly impact LRRFS (P = 0.19), while significance of other factors remained unchanged (data not shown).
Distant Metastases
A total of 572 women had distant metastases, 35% (n = 230) of patients in the BCT group, and 51% (n = 342) of patients undergoing mastectomy (Table 4) . Among patients which developed DM, the median time to distant recurrence was 2.1 years in the BCT group and 2.0 years in the mastectomy group. Kaplan-Meier analysis of DMFS as stratified by stage is shown in Fig. 1b . After multivariate adjustment, BCT was significantly associated with better DMFS (mastectomy HR 1.32; 95% CI 1.10 to 1.59; P = 0.003) (Table 5) . Similarly, older age, small tumor size, negative nodal status, negative/unknown LVI, negative margins, anthracycline and/or taxane-based adjuvant chemotherapy were predictive of better DMFS in both univariate and multivariate analysis. 
Overall Survival
There were a total of 562 deaths, 227 (35%) in the BCT group, and 335 (50%) in the mastectomy group. KaplanMeier analysis of OS stratified by stage is shown in Fig. 1c . After multivariate adjustment, the association between operative treatment and OS remained significant (mastectomy HR 1.22; 95% CI 1.02 to 1.47; P = 0.032) ( Table 5) . On multivariate analyses, smaller tumor size, negative nodal status, lower grade, and negative/unknown LVI were also predictive of better OS.
DISCUSSION
BCT with adjuvant radiation has become the standard of care for the treatment of invasive breast cancer in appropriately selected patients with early-stage disease. Within the last 30 years, several randomized-controlled trials have demonstrated that BCT has equivalent long-term outcomes when compared to mastectomy. [19] [20] [21] [22] [23] [24] [25] [26] [27] Local recurrence rates for BCT in these studies have ranged 3-20%, compared to 2-14% in those receiving mastectomy. The most common reasons for this LRR are thought to be poor patient selection, inadequate surgery or radiotherapy, or biologically aggressive disease. TNBCs have been shown to be biologically aggressive, and have been demonstrated to have higher LRR rates. In the current study we have shown that despite this aggressive nature, a more aggressive surgical approach is not warranted as the risk of LRR was not greatly affected by type of surgery.
Previous studies have evaluated patterns of recurrence after BCT in patients with TNBC. Nguyen et al. reviewed 793 patients who underwent BCT and determined that 89 patients with TNBC had significantly higher risk of local recurrence (adjusted HR 7.1; P = 0.009) than other less aggressive subtypes. 10 They also found that TNBC patients had a greater risk of distant metastasis (adjusted HR 2.3; P = 0.035). Similarly, Solin et al. reviewed outcomes after BCT in 519 patients and found that 90 patients with TNBC had a higher 8-year rate of local recurrence (8% vs. 4%; P = 0.041) and a lower 8-year rate of freedom from distant metastasis (81% vs. 92%; P = 0.0066) than those patients with other breast cancer subtypes.
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In contrast, a report by Haffty et al. demonstrated no statistically significant difference in 5-year breast-relapse free survival between TNBC patients and non-TNBC patients (83% vs. 83%, P = NS). 17 In this study, 117 of 482 patients were classified as being negative for TNBC. A marginally significant difference was demonstrated in 5-year nodal-relapse free survival (94% vs. 99%, P = 0.05) and a significant difference was shown in 5-year DMFS (68% vs. 83%, P = 0.002). A study by Freedman et al. also failed to demonstrate a significant difference in 5-year LRR in a cohort of TNBC patients when compared to hormonereceptor-positive or HER2-positive patients (3.2% vs. 2.3% and 4.6% respectively; P = 0.36). 16 Although the above studies directly looked at recurrence in TNBC after BCT, only one recent study has sought to compare outcomes of TNBC patients undergoing BCT or mastectomy. Parker et al. reviewed 202 patients with TNBC who underwent BCT (n = 61) or mastectomy (n = 141). 28 Five-year disease-free survival for those in the BCT group was estimated at 68% vs. 57% for those in the mastectomy group (P = 0.14). Five-year OS estimates, however, were significantly better for the BCT group (89% vs. 69%, P = 0.018). Consistent with the current study, multivariate analysis did not identify surgical approach to have a significant effect on disease-free survival (adjusted HR 0.84, P = 0.60).
Of interest in the current study is the finding that adjuvant radiotherapy did not have a marked impact on LRRFS in the mastectomy group. This would seem to conflict with consensus within the literature in which postmastectomy radiotherapy was prospectively shown to decrease LRR rates in high-risk patients. 29, 30 Recent reports have suggested that this improvement also extends to patients with TNBC. 31, 32 The time range included in the current cohort reflects an era during which attitudes about and indications for postmastectomy radiotherapy have been in evolution, including within our institution. As such, the group studied may not accurately reflect the impact of such therapy on LRR as managed by current protocols. It also is possible that high-risk patients were more likely to receive postmastectomy radiation, and multivariate analysis may not be able to control for these biases in patient selection for differing therapy. The current study has other limitations. The LRR rates reported here (26% in BCT group; 30% in mastectomy group) are somewhat high relative to both historic and more modern series. In an effort to optimize follow-up, we have included patients treated in the 1980 s and 1990 s; however, there have been several changes in our treatment algorithms over the past few decades. In the mastectomy group, there were a relatively low proportion of patients who received adjuvant radiotherapy (33%) as discussed above. Although TNBC alone has not been validated as an indication for adjuvant radiotherapy in this group, several trials have demonstrated improvement in LRR rates for radiotherapy after mastectomy in the setting of nodepositive disease (58% of the current cohort). 33 There have also been changes in systemic therapy, with increasing use of taxanes as well as anthracyclines in the latter part of the series. Further, there has been improvement in breast imaging, with introduction of digital mammography, breast MRI, and routine use of ultrasound. In general, fewer than 10% of breast cancer patients at our institution undergo breast MRI, and this modality is generally reserved for screening in high risk patients (e.g., lifetime breast cancer risk [20%; genetic predisposition such as BRCA1/2 mutation; prior breast irradiation). 34 In order to have accurate pathologic variables, we have limited our study to patients who had surgery first. Eliminating patients that received neoadjuvant therapy from the study may have introduced bias into our cohort by limiting our study to lower-risk patients. On the other hand, to minimize variability in systemic therapy, we limited our study to patients who received adjuvant chemotherapy, and therefore our results may not be applicable to TNBC patients with very small tumors, or patients with higher risk tumors that do not receive systemic therapy. Further, HER2 testing was not standard in breast cancer during the earliest years of the present study, and thus we only included patients who had HER2 testing as part of Institutional Review Board-approved retrospective laboratory studies.
Finally, it should be noted that in our study we have defined our TNBC cohort to be patients with ER and PR staining B10%. Recently the joint panel of ASCO Clinical Practice Guidelines Committee and CAP Council on Scientific Affairs recommended that ER and PR staining C1% by IHC be considered positive. 35 Limiting our study to patients with ER and PR staining less than 1%, we still did not see a statistically significant difference in LRRFS by surgery type (data not shown). However, we cannot exclude the possibility that differences may have emerged if patients with ER/PR staining C1% had been treated with endocrine therapy. We recently reported that only 1.3% of patients treated at our institution between 2000 and 2006 underwent genetic testing before surgery; thus, genetic testing is unlikely to have influenced the choice of treatment in this study period. 34 In our previous work genetic testing was associated with utilization of contralateral prophylactic mastectomy, suggesting that increased utilization of genetic testing could potentially impact prevention of future primary lesions. We also recently reported that up to 20% of patients with TNBC have a BRCA mutation; thus, we expect that TNBC patients will increasingly be referred for genetic testing. 6 This would increase presurgical diagnosis of BRCA mutations, further decreasing ipsilateral breast tumor recurrence rates.
In summary, although it has been suggested that the aggressive nature of TNBC warrants a more aggressive surgical approach (i.e., mastectomy), the current study demonstrates that surgical treatment with BCT does not have a negative impact on the risk of LRR in a large cohort of TNBC patients. However, the high LRR rates observed in our cohort emphasize the need to identify molecular mediators of LRR in TNBC and targeted therapies that can improve local and distant control. 
